The behavior of charged particles in an ultralow frequency magnetospheric pulsation with standing wave structure along the magnetic field is interpreted by using a graphical approach. Attention is directed principally to the way in which particles are accelerated as they bounce and drift through a wave with which they are in resonance, but nonresonant particles are also discussed. Under appropriate conditions, passage through the wave leads to modulation of particle energy. Applications emphasize the necessity of considering the large-scale structure of a wave in interpreting the particle behavior seen at a particular point in space.
INTRODUCTION
The behavior of charged particles in a collisionless plasma in the presence of a løw-frequency wave is a complex problem but one deserving attention as more study is devoted to observations of particle flux oscillations on spacecraft in the magnetosphere [Kokubun et [Southwood, 1973 [Southwood, , 1974 [Southwood, , 1976 attempted to describe the type of effects that could occur in magnetospheric hydromagnetic waves. Southwood and Kivelson [1981] emphasized the importance of explicitly allowing for the standing structure of electromagnetic perturbations along magnetospheric flux tubes, recognizing that many energetic particles have bounce periods shorter than ULF (ultralow frequency) wave periods. Earlier papers, such as that by Suet al. [1979] , had pointed out the necessity of making such allowance in any full treatment. The purpose of this paper is to stress further the consequences of standing field structure for particles bouncing through a magnetospheric wave. Southwood and Kivelson [1981] provided a mathematical flamework for the problem; here we use simple graphical ideas to help illustrate what happens. Southwood and Kivelson [1981] commented on wave-particle resonance phenomena but placed no special emphasis on resonant interactions; here we do emphasize resonance effects, as we feel they are particularly illuminated by the techniques we display. As Southwood and Kivelson [ 1981] pointed out, the important resonance effects are those associated with bounce and drift motion [Dungey, 1966] , as the periods of large-scale waves are comparable with the time scales of energetic particle bounce and drift motion through the waves.
T•E PROBLEM
In the first paper in this series [Southwood and Kivelson, 1981] (hereinafter referred to as SK), we analyzed particle behavior in a low-frequency, purely transverse Alfv•n wave in the magnetosphere. The restriction to transverse signals is largely retained in the discussion in the present paper, which The observability of all the effects discussed depends on the background particle spectrum and spatial distribution (see, e.g., SK). We shall not address this point in this paper. We shall just describe the underlying particle dynamics.
As in SK, we start with the knowledge that low-frequency Alfvtn waves occur in the magnetosphere and that in the ultralow frequency band (<1 Hz), many signals are caused by standing waves. In transverse waves, the standing structure is set up along the magnetic field because ( 
m(• tob Equation (1) is a special case of the condition for bounce resonance, to -m&a = Ntoo, N is an integer. While in resonance, the particles see the same disturbance structure repeat over each successive bounce. If we assume that the particles illustrated are positive ions, they accelerate in regions marked with plus signs and decelerate elsewhere. The particle moving on the orbit represented by a continuous line is accelerated over each bounce and thus over successive bounces because each time it passes through the equator where the wave field is largest, the field is positive. When it is far from the equator near the mirror point, it is in a weaker negative field, and though it is decelerated, it will not be decelerated as much as it is accelerated on the remainder of the bounce. In contrast, the particle on the dashed guiding center orbit in Figure 1 has its acceleration over one quarter bounce exactly canceled in the next quarter bounce. Over one or, indeed, many bounces the particle experiences no net acceleration. A particle with the same pitch angle and energy a further quarter of an east-west wavelength behind will be decelerated overall in each bounce.
As the above instance shows, particles in resonance can experience cumulative acceleration or deceleration over many bounces. Thus there is a secular change in the energy of a particle in resonance with a wave. This secular change in energy is the basis of the energy exchange between plasma waves and particles described by quasi-linear theory [Drummond and Pines, 1962]. However, note that in linear theory some resonant particles gain energy, some lose. As we pointed out above, a particle starting out on an orbit a half cycle behind the orbit sketched with a solid line in Figure 1 would be decelerated over many bounces.
Not all bounce and drift resonances can be realized in a given structured wave. SK showed mathematically that a transverse wave with an electric field with the symmetry indicated in Figure 1 can excite resonant behavior (i.e., secular acceleration over successive bounces) only if the particle sees the wave at an even multiple of its bounce frequency or the wave is shifted to zero frequency (drift resonance, see below). Figures 2a-2c . SK showed that in this case, resonance was possible only for particles that detect odd harmonics of the bounce frequency. Figure  2a shows the truth of this. The orbit represented by the continuous curve in Figure 2a touches only the shaded regions, and an ion moving along such a path would be continuously decelerated if the field is eastward in the shaded regions. As in our earlier example, a particle in the same resonance but a quarter cycle later in phase experiences zero net acceleration or deceleration over a bounce. A particle a further quarter cycle later in phase would remain always on the unshaded regions and thus be continuously accelerated. In Figure 2b , the field symmetry is the same as in Figure 2a , but particles seeing two wave cycles in a bounce are shown. This is the same resonance as in Figure 1 , but the geometry is antisymmetric about the equator. As inspection shows, such particles spend an equal time in shaded and unshaded regions. The symmetry of the system requires that net acceleration over a bounce be zero whatever the relative phasing between the wave and the particle (compare the dashed and solid lines). By similar orbit sketching, it is straightforward to confirm that any particle Figures 2c and 2d show the electric field configurations for the lowest order antisymmetric and symmetric modes, and the orbit of a particle bouncing in drift resonance would appear in either as a vertical line. It is evident that over a bounce period, acceleration and deceleration cancel out for the antisymmetric mode. Only symmetric wave modes produce systematic acceleration.
The case where a signal electric field is antisymmetric about the equator is illustrated in
As we have partly indicated above, the relative strengths of the wave-particle interactions in the different resonances can often be judged from graphical diagrams of the type described herein. We have explained how the net acceleration per bounce depends on the bounce phase relative to the wave, and for some phases the effects even vanish.
The strength of interaction also varies with particle equatorial pitch angle and the qualitative nature of the dependence can often be estimated from our diagrams. Figure 3 shows guiding center orbits of two different particles with the same bounce-averaged drift velocity but different equatorial pitch angles in an antisymmetric wave mode. Because the electric field increases off the equator, the particle with The full theory of these events seems likely to be complicated, but it seems impossible to ignore the effects of structure along the field.
Finally, let it be pointed out that any departure from symmetry about the equator of wave or background field or plasma distributions has a significant effect on some of our results. Most significantly, those results that rely on strict cancellation of signals seen above and below the equator need to be reexamined.
